We report experimental realization of an array of broadband invisibility cloaks, which operates in the visible frequency range. Wavelength and angular dependencies of the cloak array performance have been studied. [3] introduced a new concept of an invisibility cloak array, which in their opinion may find applications in such fields as low-interference communication, noninvasive probing, sensing and communication networks, etc. Besides these potential practical applications, building and studying the arrays of invisibility cloaks offer more refined experimental tools to test cloak performance. Here we report on the first experimental realization of such an array of broadband invisibility cloaks, which operates in the visible frequency range. Our experiments reveal interesting coupling effects between neighboring cloaks, which have not been explored previously.
Abstract:
We report experimental realization of an array of broadband invisibility cloaks, which operates in the visible frequency range. Wavelength and angular dependencies of the cloak array performance have been studied. Ever since the first experimental demonstrations in the microwave [1] and visible [2] ranges, invisibility cloaks paved the way to considerable progress in the fields of metamaterials and transformation optics. Based on the considerable recent progress in the cloaking research, very recently Farhat et al. [3] introduced a new concept of an invisibility cloak array, which in their opinion may find applications in such fields as low-interference communication, noninvasive probing, sensing and communication networks, etc. Besides these potential practical applications, building and studying the arrays of invisibility cloaks offer more refined experimental tools to test cloak performance. Here we report on the first experimental realization of such an array of broadband invisibility cloaks, which operates in the visible frequency range. Our experiments reveal interesting coupling effects between neighboring cloaks, which have not been explored previously.
Our experimental geometry is based on the 2D broadband invisibility cloak design which utilizes an adiabatically tapered gold-coated waveguide emulating anisotropic dielectric permittivity and magnetic permeability distributions required for realization of the transformation optics-based invisibility cloak [4] (see Fig.1(a) ). This approach leads to low-loss, broadband performance in the visible frequency range, which is difficult to achieve by other means. Our invisibility cloak arrays were fabricated as follows. As a first fabrication step, a commercially available microlens array was coated on the microlens side with a 30-nm gold film ( Fig.2(a) ). The array was placed with the gold-coated side down on top of a flat glass slide coated with a 30-nm gold film. Two gold coated surfaces were pressed against each other using a mechanical arrangement with set screws. Argon ion laser light with different wavelengths was coupled into the waveguide from the side. Periodic array of adiabatically tapered gaps between the gold-coated surfaces has been used as a 2D array of invisibility cloaks (Fig.2(b) ) similar to the ones described in ref. [4] . Such an array is able of cloaking ~20% of an unlimited surface area. We have studied wavelength and angular dependencies of the cloak array performance. While the broadband performance appears to be similar to the performance of individual cloaks in the array, angular performance of a dense array shows sign of deterioration due to reduction of symmetry of the cloaking arrangement.
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